Background: Thyroid cancer is a common disease and its prevalence is increasing. Recent reports have shown that an elevated thyrotropin (thyroid stimulating hormone, TSH) level is associated with thyroid cancer risk. However, the association between TSH level and thyroid cancer risk is not yet known for euthyroid patients diagnosed with papillary thyroid microcarcinoma (PTMC). Methods: Our study included 425 patients who underwent thyroid surgery and were diagnosed with PTMC between 2008 and 2009. Control group patients were diagnosed with benign nodules ≤ 1 cm in size by US-guided fine needle aspiration. Nodules with one or more suspected malignant-ultrasonographic feature(s) were excluded from this study. Patients who were not euthyroid or who took thyroid medication were also excluded. Results: The mean age of all patients was 48.5 ± 11.0 years and 88.8% were women. The mean age of those with PTMC was significantly lower than that of the control group. The mean TSH level was 1.78 ± 0.93 mIU/L, and the mean free T4 level was 15.96 ± 2.32 pmol/L. There was no difference in TSH level between the PTMC and control groups (1.77 ± 0.93 mIU/L vs. 1.79 ± 0.91 mIU/L, P = 0.829). After adjusting for age, TSH level was not correlated with tumor size (r = 0.02, P = 0.678) in the PTMC group. Moreover, the TSH level did not differ between patients with stage I and stage III-IV carcinoma (stage I, 1.77 ± 0.95 mIU/L; stage III-IV, 1.79 ± 0.87 mIU/L; P = 0.856). Conclusion: TSH levels are not elevated in euthyroid PTMC patients. Thus, further evaluation is needed before serum TSH can be used as a tumor marker for small nodules ≤ 1 cm in size in euthyroid patients. (Endocrinol Metab 26:297-302, 2011) 
INTRODUCTION
The incidence of thyroid cancer is increasing worldwide, especially the most common form-papillary thyroid carcinoma [1, 2] . According to the World Health Organization, if the maximum size of a thyroid carcinoma is ≤ 1 cm, it is a papillary thyroid microcarcinoma (PTMC) [3] . The recent increase in papillary thyroid carcinoma is likely due to increasing early detection of small thyroid nodules because of widespread use of high-resolution ultrasound (US) as well as the accuracy of US-guided fine needle aspiration biopsy (USguided FNAB). Thyroid papillary carcinoma has a better prognosis than other types of thyroid carcinoma; PTMC in particular is known to have a better prognosis [4, 5] . However, some reports have shown that PTMC is associated with lymph nodes and distant metastases [5, 6] . One study reported recurrence in 5% of PTMC patients [7] . Therefore, early detection and treatment of PTMC is believed to be important. US-guided FNAB is the gold standard method for diagnosis of thyroid nodules. However, more "inadequate specimens" are found after US-guided FNAB for nodules ≤ 1 cm in size compared with nodules > 1 cm [8] . Thus, if physicians can identify another clinical risk factor for nodules ≤ 1 cm, diagnosis of PTMC may be easier.
Recently, multiple reports have shown an association between serum thyroid stimulating hormone (TSH) level and thyroid cancer.
Some studies reported that an elevated serum TSH level was associated with thyroid cancer [9] [10] [11] [12] [13] , and one study suggested that the http://www.enm-kes.org serum TSH level was a novel predictor of malignancy [10] . However, another study showed that the serum TSH level was not elevated in papillary thyroid carcinoma [14] . Most studies of associations between serum TSH level and thyroid cancer did not differentiate between the sizes of the thyroid carcinomas studied; only 2 focused on PTMC [13, 14] . One of these studies analyzed PTMC patients [14] , and the other analyzed patients with differentiated thyroid carcinomas and included a subset analysis of PTMC patients [13] .
The purpose of this study was to evaluate whether serum TSH level is elevated in euthyroid PTMC patients and whether it is an important predictor of PTMC.
MATERIALS AND METHODS

Subjects
This was a retrospective study, and information was obtained from patient medical records. We included preoperatively euthyroid patients who underwent thyroid surgery between January 2008 and December 2009 and who were diagnosed with PTMC. If any patient had multiple thyroid papillary carcinomas, the inclusion criterion was that these had a maximal size of ≤ 1 cm. The control group included euthyroid patients who were diagnosed, during the same time period, with benign nodules that were ≤ 1 cm via US-guided FNAB. Among these, nodules with one or more suspected malignant-ultrasonographic feature(s) were excluded. Two clinicians performed the US-guided FNAB, and one of these reviewed the US images and confirmed suspected malignant ultrasonographic features, such as marked hypoechoic nodules, nodules with fine or dense calcification, nodules that were taller than they were wide, and nodules with irregular or speculated margins. Patients who took thyroid medication, had a history of thyroid disease or thyroid surgery, or had atypical cells or suspected malignancy following FNAB were excluded from this study. Euthyroid function was defined as TSH and free T4 levels within reference ranges. Autoimmune thyroiditis was defined as the presence of anti-thyroperoxidase antibody (TPO Ab) and/or anti-thyroglobulin antibody (Tg Ab).
Laboratory methods
Serum TSH and free T4 levels were determined for all subjects by electric chemiluminescence immunoassay (Roche Diagnostics, Mannheim, Germany); the reference ranges were 0.4-4.7 mIU/L and 9.0-24.5 pmol/L, respectively.
Tumor size measurements and staging
Tumor size was measured from surgical specimens; if multiple PTMCs were found, the largest carcinoma was measured. The size of benign nodules was determined by ultrasonography. The TNM criteria of the American Joint Committee on Cancer were used for staging PTMC [15] .
Statistical analysis
Statistical analysis was performed using SPSS for Windows version 14.0 (SPSS Inc., Chicago, IL, USA), and data are presented as mean ± standard deviation. A two-sample t-test and a chi-square test were used to evaluate variables between the PTMC and control groups. A Pearson correlation test and age-adjusted partial correlation test were performed to evaluate relationships between variables. P value of < 0.05 was considered statistically significant.
RESULTS
Baseline clinical characteristics
A total of 562 patients were available for analysis. Their mean age was 48.5 ± 11.0 years, and 88.8% were women. The mean serum TSH level was 1.78 ± 0.93 mIU/L, and the mean serum free T4 level was 15.96 ± 2.32 pmol/L. After surgery, 425 patients were histologically diagnosed with PTMC, of which 89.6% were women. A total of 13.4% of PTMC patients underwent lobectomy (Table 1) .
Comparison between PTMC and benign nodules ≤ 1 cm in size
PTMC patients were significantly younger than control group patients, and there was no between-group difference in sex. The serum TSH level in the PTMC group was not significantly different compared with that in the control group (1.77 ± 0.93 mIU/L vs. 1.79 ± 0.91 mIU/L; P = 0.829); the serum free T4 level was also not significantly different. The nodule size was significantly smaller among patients in the PTMC group (PTMC, 0.52 ± 0.24 cm vs. control, 0.69 ± 0.18 cm; P = 0.001). The prevalence of autoimmune thyroiditis was higher in PTMC than in benign nodules (Table 1) .
Comparison according to the presence of autoimmune thyroiditis
When autoimmune thyroiditis was defined as the presence of TPO Ab and/or Tg Ab, we found higher rates of PTMC in patients with autoimmune thyroiditis (autoimmune thyroiditis, 82.1% vs. control, 73.3%; P = 0.036). However, serum TSH levels within the normal range did not differ depending on the presence of autoimmune thy-http://www.enm-kes.org roiditis (autoimmune thyroiditis, 1.90 ± 1.00 mIU/L vs. control, 1.73 ± 0.90 mIU/L; P = 0.075).
Correlations between TSH and other variables
Correlations between TSH level and other variables are shown in Table 2 . We analyzed correlations between serum TSH and other variables among all patients. The serum TSH level was negatively correlated with the serum free T4 level (r = −0.224, P < 0.001), but it was not correlated with age (r = −0.048, P = 0.253) or nodule size (r = 0.027, P = 0.527). After adjustment for age, the negative correlation between serum TSH and free T4 persisted (r = −0.229, P < 0.001). Similar results were observed among the subset of PTMC patients. Serum TSH and free T4 had a significantly negative correlation (r = −0.232, P < 0.001), but serum TSH was not correlated with age (r = −0.010, P = 0.832) or tumor size (r = 0.019, P = 0.696).
TSH levels and tumor, node, and metastasis (TNM) stage
Of the PTMC patients, 17.9% (n = 76) had microscopic extrathyroidal invasion (T3) and none had T4 stage carcinoma. In addition, 25.6% (n = 109) had cervical lymph node metastasis. Serum TSH 
DISCUSSION
This study showed that in euthyroid patients with PTMC, the serum TSH level is not significantly different from that in patients with benign nodules ≤ 1 cm in size and that serum TSH level is not associated with tumor size or cancer stage.
PTMC is known to have a favorable prognosis compared with papillary carcinomas > 1 cm in size. However, lymph node metastasis and distant metastasis can still occur in PTMC patients [5, 6] . In this study, although no patient had distant metastasis, 25.6% had lymph node metastasis and 20.7% had advanced-stage cancer (stages III-IV). Therefore, we suggest that clinicians continue to attempt to identify microcarcinomas in patients with nodules ≤ 1 cm in size.
Serum TSH level plays an important role in the diagnosis of thyroid nodules. The American Thyroid Association recommends that serum TSH levels be measured in patients with thyroid nodules and if the TSH level is suppressed, a thyroid scan must be performed to confirm nodule autonomy [16] . It is known that serum TSH level is related to thyroid cancer. The relationship between serum TSH and thyroid cancer is supported by reports indicating that in differentiated thyroid cancer, the suppression of serum TSH level by exogenous thyroid hormone reduces cancer progression and recurrence [17, 18] . However, other report showed that suppression of serum TSH have no significant clinical benefit in patients with low-risk thyroid cancer [19] . These reports argue that other factors, such as IGF-1, have a more important role in cancer growth [20] and that the expression of the TSH receptor gene in thyroid cancer is associated with a favorable prognosis [21] . In summary, many studies have attempted to confirm the relationship between the development of thyroid cancer and serum TSH level, and most have shown that an elevated TSH level is related to thyroid cancer. The elevated serum TSH level in patients with thyroid abnormalities is associated with thyroid cancer; even within the normal range, there is a higher risk of thyroid cancer among patients with a higher serum TSH level [9] [10] [11] [12] . However, few studies have included only PTMC patients; therefore, the results have been conflicting. In a separate subset analysis of nodules ≤ 1 cm in size, Haymart et al. [13] showed that a higher TSH level increased the risk of differentiated thyroid cancer. Gesrschpacher et al. [14] reported that the serum TSH level was not elevated in patients with PTMC, even if the study had patients with medullary thyroid carcinoma or C-cell hyperplasia in the control group.
Although Haymart et al. [13] showed that a higher serum TSH level, even within the normal range, was associated with differentiated thyroid cancer by a subset analysis of differentiated thyroid cancer of less than 1 cm, the relationship between serum TSH level and PTMC has not been described for euthyroid patients with PTMC.
Studies of the relationship between autoimmune thyroiditis and thyroid cancer have also reported conflicting results. Boelaert et al. [10] showed that TPO Ab-positive patients had higher rates of thyroid cancer compared with those in Ab-negative patients. However, in another study, the frequency of papillary thyroid cancer was not significantly different between antibody (TPO Ab and/or Tg Ab)-positive and antibody (TPO Ab and/or Tg Ab)-negative patients, and the risk of thyroid cancer was higher in patients with a higher serum TSH level [12] . Our study found higher rates of thyroid cancer in Abpositive patients, but serum TSH level within the normal range did not differ between Ab-positive and Ab-negative patients.
We studied patients with PTMC and benign nodules ≤ 1 cm and showed that a higher serum TSH level was not associated with PTMC.
Contrary to Haymart's results, when we divided patients into three groups based on TSH levels, a higher TSH level did not increase the http://www.enm-kes.org risk of differentiated thyroid cancer. Yoshihara et al. [22] showed the serum TSH levels shifted to higher ranges as the age of the groups increased in a Japanese population. The fact that PTMC patients were younger than those in the control group could have influenced our results even though age was not correlated with serum TSH level in our study. Serum TSH level within the normal range did not differ between thyroid Ab-positive and Ab-negative patients.
In our study, serum TSH level was not associated with tumor size or cancer stage, but the TSH level in T3 stage carcinomas (extrathyroidal invasion) was significantly higher compared with that in T1 stage carcinomas. It is well known that serum TSH is a thyroid tissue growth factor. One study showed that suppression of the TSH level by exogenous thyroid hormone prevented the growth of preexisting thyroid nodules as well as the development of new nodules [23] . Long-term suppression of the TSH level also reduces progression, recurrence, and cancer-related mortality in thyroid cancer [17, 18] . Thus, it is believed that the serum TSH level is associated with thyroid cancer growth. Some studies have shown that a higher serum TSH level is associated with cancer stage; however, these did not analyze thyroid microcarcinomas [12, 13] . In one study including PTMCs, the authors observed a positive trend between serum TSH level and tumor size, but the number of subjects in the study was very small [14] . Our study revealed that serum TSH level was not correlated with tumor size, but a higher TSH level was observed in patients with extrathyroidal invasion. Thus, further studies evaluating the relationship between PTMC progression and serum TSH level are required.
Our study has some limitations. First, the number of patients with benign nodules was smaller than the number of PTMC patients.
Among the euthyroid patients with benign nodules identified by US-guided FNAB, 29.7% were excluded from our study because they had nodules with one or more suspected malignant ultrasonographic features. This may have created a significant selection bias. Second, although one clinician reviewed the US findings and excluded nodules with one or more suspected malignant ultrasonographic features, there is a possibility that PTMC patients were included in the control group. We selected the control group from patients who had one or more US-guided FNABs, but 83.2% of all patients had one FNAB, and the follow-up period was short. Cytologically, they had no malignant features and never had any suspected malignant ultrasonographic features. However, the final diagnosis for patients in the benign control group was not confirmed histologically. Therefore, further research with a control group that has had at least 2 FNABs and a longer term follow-up is required.
Third, in lobectomy cases, the remaining contralateral lobe was not explored for PTMCs. If the remaining lobe had PTMCs, differences in tumor size could have influenced our correlation analysis of serum TSH level and tumor size.
In conclusion, it is known that an elevated TSH level is associated with thyroid cancer risk. However, in euthyroid PTMC patients, the association between serum TSH level and cancer risk has, to date, remained unknown. This study showed that in such patients, the serum TSH level was not significantly different compared with that in patients with benign nodules ≤ 1 cm in size. Moreover, the TSH level was not associated with tumor size. Therefore, further evaluations are required to determine whether serum TSH can be used as a tumor marker for small nodules ≤ 1 cm in euthyroid patients.
